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Abstract: A paleoparasitological survey to detect helminth eggs was performed in archaeological sites of Jeolla-do and 
Jeju-do, the Republic of Korea. Total 593 soil samples were collected in 12 sites of Jeolla-do and 5 sites of Jeju-do from 
April to November 201 1 , and examined by the methods of Pike and coworkers. A total of 4 helminth eggs, 2 eggs each 
for Trichuris trichiura an6Ascaris sp., were found in soil samples from 1 site, in Hyangyang-ri, Jangheung-eup, Jangheung- 
gun, Jeollanam-do. The egg-recovery layer was presumed to represent a 19th century farm, which fact suggested the 
use of human manures. This is the third archaeological discovery of parasite eggs in Jeolla-do. Additionally no helminth 
eggs in archaeological sites of Jeju-do is an interesting problem to be solved in the further investigations. 
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Parasitological examination of human coprolites obtained 
from archaeological sites is a proved useful tool for reconstruct- 
ing of parasitic infection pattems in historical populations [1]. 
Although paleoparasitological examination of coprolites from 
mummies or soil samples has revealed various helminth eggs 
in Korea, most of the ancient parasite-egg discovery sites to 
date are confined to Seoul and Gyonggi-do [2-4]. Helminth 
eggs were also discovered in archaeological sites of Chung- 
cheong-do and Gyeongsang-do [5-9]. Especially, Shin et al. [5] 
detected helminth eggs in the moat ruins of the Royal Palace 
of Silla Dynasty in Gyeogju-si, Gyeongsangbuk-do. 

In Jeolla-do, only 2 paleoparasitological surveys had been 
performed. The 7th century soil samplings from the Wang- 
gung-ri site, Iksan, Jeollabuk-do, revealed the eggs of Ascaris 
lumhricoides, Trichuris trichiura, and Clonorchis sinensis. Also A. 
lumbricoides and I trichiura eggs were discovered in soils from 
Shinchang-dong, Gwangju, dating to 2,000 years BP [10,11]. 
However, there have been no reports on paleoparasitological 
discovery in Jeju-do, the home of 63,093 people in 1,435 [12]. 



• Received 27 March 201 3, revised 27 July 201 3, accepted 31 July 201 3. 

* Corresponding author (bbbenji@naver.com) 

© 2013, Korean Society for Parasitology and Tropical Medicine 
This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.Org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 



Hence, the present study was investigated for the presence of 
parasite eggs in both Jeolla-do and Jeju-do. In addition, envi- 
ronmental factors such as pH, temperature, and soil natures 
had been considered to effect the preservation of eggs. Althou- 
gh the effect was not larger than that of temperature, the chan- 
ges in pH of the samples exhibited a little effect on the destruc- 
tion or viability of parasite eggs [13]. In this study, the pH of 
their soils were measured to know the relationship with the 
egg preservation. 

The sampling sites were selected in consultation with arche- 
ologists, who had excavated ancient remains of Jeolla-do and 
Jeju-do from April to November 2011 . Detailed information 
has been provided in Table 1 and Table 2, respectively. Except 
in the case of tombs, soil-strata samples were collected by driv- 
ing sterilized conical tubes deep into the archaeological layers. 
Additionally, for comparative purposes, surface-soil samples 
were collected. For these 2 regions, 12 and 5 sites were select- 
ed, respectively, from which a total of 593 samples were col- 
lected, 507 from Jeolla-do and 86 from Jeju-do. After transpor- 
tation to our laboratory the soil samples were prepared for 
light microscopic observations as described in Pike et al. [14]. 
If a parasite egg was discovered, it was identified for its species, 
and its density was measured. Sample pH also was measured, 
according to the AOAC Official method for the mineral soil 
[15], by which air-dried soil samples are mixed with H2O, and 
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Table 1 . Sampling sites and their information of Jeolla-do 



Area 


Period 


Characteristics 


No. of samples 


Ungcheon-dong, Yeosu, Jeollanam-do 


Bronze age 


Dolmen 


22 


Songha-dong, Nam-gu, Gwangju-si 


Bronze age 


Agricultural land 


^9 i 


Hyangyang-ri, Jangheung-eup, Jangheung-gun, Jeollanam-do 


Bronze age 


Tombs, ditches, trap pit 


64 


Sin-ri, Gokseong-gun, Jeollanam-do 


Iron age 


Pits 


28 j 


Songhak-dong, Iksan-si, Jeollabuk-do 


Proto-three kingdom period 


Unknown 


28 


Hwabang-ri, Wolsan-myeon, Damyang-gun, Jeollanam-do 


Period of three states 


Rice paddy 


93 ] 


Seongsan-ri, Haerong-myeon, Suncheon-si, Jeollanam-do 


4-5C 


Residential areas 


27 


Musu-ri, Yudeung-myeon, Sunchang-gun, Jeollanam-do 


4-5C 


Residential areas 


1 ] 


Hoejin-ri, Dasi-myeon, Naju-si, Jeollanam-do 


Koryo Dynasty 


Residential area & kiln 


52 


Yonggang-ri, Jangpyeong-myeon, Jangheung-gun, Jeollanam-do 


Koryo Dynasty 


Tombs & residential areas 


95 1 


Taekchon, Samyeong-dong, Naju-si, Jeollanam-do 


Koryo Dynasty 


Farm 


8 


Hyangyang-ri, Jangheung-eup, Jangheung-gun, Jeollanam-do 


Joseon Dynasty 


LSMB tombs, ditches, farm 


70 I 


Total 12 sites 






507 



Table 2. Sampling sites and their information of Jeju-do 



Area 


Period 


Characteristics 


No. of samples 




Samyang 2-dong, Jeju-si 


BC 7C 


Presumed to be a toilet 


2 




Yongdam 2-dong, Jeju-si 


BC 3C-AD 4C 


Residential area 


23 


1 


Oedo 1-dong, Jeju-si 


1-4C 


Pits 


1 




Hwasun-ri, Seogwipo-si 


0-1 C 


Pits and drains 


42 


1 


Geumsung-ri, Aewol-ri, Jeju-si 


14-16C 


Cemetery 


18 




Total 5 sites 






86 





the potential difference relative to standard soils was determin- 
ed. The detailed procedures were as follows: The air-dried soil 
with known pH was selected as the standard one; 10 g of the 
standard soil was transferred into a cup, and mixed with 10 ml 
diatilled water. After vortexing for 5 sec, the samples were laid 
for 30 min. The pH of the standard sample was measured, and 
that of the test soil was measured in case of a permissible error 
(<0.1). The test soil was air-dried for 1-4 days, and ground 
into small pieces ( < 2 mm in diameter). The test soil was mixed 
with soil-H20 as the case of standard soil. The pH of the test 
soil was measured at 20-25 °C. 

No parasite eggs were discovered in the surface soil samples, 
which ruled out any false positivity induced by accidental in- 
troduction of surface soil into the investigated layers. However, 
most of the Jeolla-do and Jeju-do sites yielded no parasite eggs. 
Only at Hyangyang-ri, Jangheung-eup, Jangheung-gun, Jeolla- 
nam-do, 2 Trichuris sp. (Fig. 1) and 2 Ascaris sp. eggs (Fig. 2) 
were detected. The estimated number of eggs contained in the 
samples was 20.0 per gram of soil for both Trichuris and Asca- 
ris. Each of the Ascaris eggs were 66.0 pm long by 55.0 pm 
wide and 66.0 pm long by 52.8 wide; 1 Trichuris egg was 52.5 
pm long by 24.0 pm wide, by which size it was easily identi- 



fied as T trichiura. The other Trichuris egg, which was broken, 
could not be measured. All 4 eggs were recovered from the lay- 
er corresponding to the farm of a 19th century. As already not- 
ed, no parasite eggs were recovered from other samples, not 
even from additional samples collected in the same region of 
Hyangyang-ri. As for the soil pH, the only positive site was Hy- 
angyang-ri, where 6.71 was recorded. The other sites' pH 
ranged from 4.69 to 6.91. 

From the surveyed areas, the parasite eggs were only recov- 
ered from a site of Hyangyang-ri, Jeollanam-do. This is coun- 
ter-intuitive considering the widespread and intensive utiliza- 
tion of human excreta as fertilizer in the Honam region (Jeol- 
la-do), the breadbasket of Korea. Furthermore, while the soils 
from lyme soil mixture barrier (LSMB) tombs revealed many 
parasite eggs in spite of complete decomposition of the inside 
mummies in other provinces, the eggs could not be found 
through the investigation of 4 LSMB tombs in Jeolla-do and 1 
LSMB tomb in Jeju-do. This might suggest that the eggs had 
not been preserved for a long time in these areas, but more ex- 
tensive investigations seem to be needed for a conclusive re- 
mark. 

While it was known that the amount of ammonia was in- 



Kim et al. : Paleoparasitological survey of Jeolla-do and Jeju-do 491 




Fig. 1 . Two Tricuris trichiura eggs (A, B) found in Hyangyang-ri sample. Bar =20 pm. 




Fig. 2. T\NoAscaris sp. eggs (A, B) found in tlie same sample. Bar=20 |jm. 



versely correlated with the viability of parasite eggs [16], the 
predictors for long-term preservation of them had not been 
studied yet. In a previous study, there was a close correlation 
between the preservation of certain types of human remains 
and the presence of ancient parasite eggs in LSMB tombs, sug- 
gesting that such remains was a strong predictor of well-pre- 
served ancient parasite eggs [4]. Another predictor is supposed 
to be the presence of water in the soil samples, as seen in the 
ancient moat ruins of Silla Dynasty [9]. The archaeological re- 
mains of Shinchang-dong, Gwangju, where the parasitic eggs 
had been discovered, were belonged to be the morass [11], and 



the large toilet of Wanggung-ri, Iksan-si, Jeollabuk-do, was 
connected to the drainage [10]. Decisively, the only positive 
samples of this study were collected from the farm connected 
with the drainage. It could be suggested that the moisture-lad- 
en environment helped the soils preserve parasite eggs for a 
long time. 

However, the correlation between the soil pH and the pres- 
ervation of eggs was not clearly observed due to the small num- 
ber of positive samples. The soil pH of Hyangyang-ri, the only 
positive area, was 6.71, higher than that of Wanggung-ri, 4.68- 
5.24 [10]. According to the study of latrine soils in West Ger- 
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many, no statistical relationship between the number of recov- 
ered eggs and soil pH was demonstrated [17]. Nevertheless, a 
conclusion that the soil pH is irrelevant to the egg preservation 
should be too hasty, and further studies are needed on more 
samples, especially on the egg-discovered sites in Korea. 

In this study, the egg of Trichuris could be easily identified as 
that of I trichiura. While the widths of I suis eggs were mostly 
distributed between 28-30 pm, those of I trichiura eggs ranged 
25-26 pm, compatible with that of this study [18]. Moreover, 
the egg size of I mlpis reached 90 x 44 pm in average [ 19] . How- 
ever, with morphological characteristics only, it was impossible 
to know if the eggs were of human or pig origin in the cases of 
Ascaris. Nevertheless, the present eggs seemed to be of human 
origin in consideration that the eggs of Trichuris were that of I 
trichiura. Regardless of their origin, these eggs seemed to be re- 
lated to the agriculture. The archaeological remain where the 
parasite eggs were recovered was presumed to be the farm, and 
the presence of eggs might prove the use of human manures at 
that time. In fact, human manures were used as a solid-com- 
post from the 15th century and later mixed with ashes for the 
fertilizer on the paddy fields and dry fields [20]. Hence, fiarther 
investigations on Jeolla-do should be concentrated into the 
farms to discover more ancient eggs along with extensive sur- 
veys on Jeju-do. 
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